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ABSTRACT 


The  ARPA-NRL  high  energy  laser  program  is  concerned  with  the 
development  of  laser  technology  in  four  program  areas:  Chemical 
Lasers,  Electric  Discharge  Lasers;  High  Power  Glass  Lasers  and  New 
Laser  Techniques.  This  report  summarize*  the  progress  made  in  those 
areas  during  the  first  half  of  FY  72. 


PROBLEM  STATUS 

This  is  a  semi-annual  technical  report;  work  is  continuing. 
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CHEMICAL  LASER  PROGRAM 
DFrCO^  Supersonic  Transfer  Chemical  Laser 

.A  ?r?liminary  theoretical  study  of  a  proposed  supersonic  DF-C0o 
chemical  laser  capable  of  operation  with  full  atmospheric  exhaust  2 

J"  b?6n  COmpleted-  ^  ^ice  concept  is  illustrated 
.  F^8’ APProximately  one-half  of  the  CO,  required  for  operation 

of  fr0m  tHe  combustion  of  CO  with  0  in  the  presence 

P^emixed  F2  and  He  U:9>  and  a  fixture  of  the 
wi^h^h  f  he  *?2  and  additlonal  He  diluent  are  injected  and  mixed 
fche  Primary  flow  at  a  location  downstream  of  the  C0/0.  combustion 
ff16*  Stagnation  conditions  for  the  mixed  flows  are  abou?  1400°K  and 
thermal  dissociation  of  the  F  occurs  before  the 
f  accelerated  through  an  array2of  supersonic  nozzles, 

ediately  upstream  of  the  nozr.le  throats  the  requisite  D.  flow  is 

AnH6Ched.byi^ meanS  ?f  multiple  arrays  of  small  sonic  orifices.  Mixing 
nL'  h  iC&1  r^‘aation  do  not  occur  to  an  appreciable  extent  until  the 
flow  has  expanded  to  a  Mach  number  of  about  4  as  it  enters  the  optical 

btH  l’  C3VJty  C°nsists  of  a  constant-area  flow  channel  situated 

en^bv  rh!  8U  ?  mirrors*  “vity  is  terminated  at  the  downstream 

to  hw  tha  converging  entrance  section  of  a  supersonic  diffuser  designed 

I11"8  ex*!auat  gases  to  ambient  pressure  in  the  divergent  sub¬ 
sonic  section  of  the  diffuser. 

Because  the  flow  conditions  for  this  device  are  quite  similar  to 
those  f°und  in  existing  gasdynamic  lasers,  it  was  judged  to  be 

AV^O  M^rk^TT^  m°dif4ications  t0  an  existing  gasdynamic  laser,  the 
CO  Mark  III,  to  permit  supersonic  transfer- chemical  laser  (TCL) 

operation  Calculations  of  expected  laser  performance  for  the  modified 
device  have  been  performed  to  provide  a  rational  basis  for  experimental 

zenefH’  Dr*  Gaorge  Emanuel  of  the  Aerospace  Corporation  has  provided 
8  !  assistance  with  this  task.  The  Resale  I  laser  program  was 

“io n  in  the  D^CO16  ^  dat®  ^  energy  transfer  and  deactiva- 

ARPA  contract^at^2ornelimUniversity?nder  ^  P°rti°n  °f  the  Pre8ent 

A  favorable  operating  condition  has  been  found  for  the  approximate 
exhaust  compositions  indicated  in  Fig.  1.  Figures  2-4  indicate  several 
features  of  the  anticipated  performance  from  the  present  device. 

gure  2  shows  the  calculated  variations  in  integrated  power  output 
Thf  4S tfaca^iJy  radiation  flux  with  a  cavity  output  coupling  of  15%. 

inL*  l  l  P0W6r  °UtpUt  figUre  rePresents  an  order  of  magnitude 

increase  in  output  over  the  values  obtained  from  this  device  when 

operated  as  a  GDL  with  the  same  mass  flow. 
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Figures  3  and  4  indicate  the  expected  variations  in  pressure, 
temperature,  and  Mach  number  within  the  cavity.  The  laser  output 
ceases  at  a  distance  of  9  cm  downstream  from  the  exit  plane  of  the 
supersonic  nozzle  array  where  the  gas  temperature  has  climbed  to  680°K. 
■™e  laser  is  quenched  at  this  point  because  the  thermal  population  of 
the  lower  level  has  reached  a  value  high  enough  to  prevent  the  further 
maintenance  of  population  inversion.  A  calculation  for  a  divergent 
channel  with  an  isothermal  reaction  zone  was  performed  to  investigate 
the  possibility  of  improved  performance  when  thermal  cut-off  of  the 
laser  is  avoided.  No  improvement  in  laser  performance  was  calculated 
for  this  case;  the  reason  being  that  laser  output  is  quite  effectively 
quenched  by  the  significant  collisional  deactivation  of  the  CO  (00° 1) 
level  by  ground  state  DF  when  the  reaction  is  about  60%  complete. 

Since  the  thermal  cut-off  for  the  constant  area  channel  occurred  at 
about  the  same  stage  of  reaction,  it  is  believed  that  only  a  small 
advantage  would  be  realized  for  a  divergent  channel  at  a  cost  of 
considerable  complexity  in  design. 

Figure  3  indicates  a  pressure  rise  in  the  laser  test  section 
caused  by  chemical  reaction  of  such  a  magnitude  as  to  violate  the  one¬ 
dimensional  gasdynamic  assumptions  made  in  the  computations.  It  is 
expected  that  this  Rayleigh  heating  effect  will  cause  shock  formation 
and  boundary  layer  separation  within  the  test  section;  poor  optical 
quality  is  an  expected  result. 

a  supersonic  TCL  capable  of  ambient  exhaust  pressure 
recovery  has  been  successfully  operated,  the  projected  performance 
figures  based  on  the  computer  calculations  just  discussed  should  be 
regarded  with  reservation.  Nevertheless,  if  devices  can  be  built  to 
perform  to  theoretical  estimates,  one  can  envision  the  production 
°  ““^unts  of  cw  10.6  micron  laser  power  in  a  considerably  more 

efficient  manner  than  has  been  demonstrated  with  present  GDL  technology. 

The  Mark  III  H  gasdynamic  laser  is  currently  en  route  to  NRL. 

After  modification  it  will  be  operated  as  a  DF-CO,  supersonic  transfer 
laser  to  check  out  the  concepts  and  calculations  described  above. 

CO  Laser  Research 


Flame  Lasers 

During  the  period  July  -  December  a  higher  power  CS.-O.  flame 
laser  project  was  completed  and  a  superior  laser-probe  technique  was 
developed.  With  the  use  of  an  additive,  NO,  a  12"  long  CS.-O  flame 
burning  at  a  pressure  of  ~  25  torr  gave  an  output  of  0.6  W  on  &) 
P-branch  transitions.  The  effect  of  other  additives  was  studied.  The 
results  indicated  that  the  high  excess  of  oxygen  could  not  be  replaced 
substantially  by  a  mixture  of  stoichiometric  oxygen  and  inert  gas. 
Excluding  certain  gas  dynamic  lasers,  the  flame  laser  is  one  of  two 
purely  chemical  lasers.  However,  since  its  chemical  efficiency  is  low. 
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w  0.1%,  the  project  was  terminated  after  submission  of  a  report  to 
Chemical  Physics  Letters,  a  copy  of  which  is  incorporated  later  into 
this  report. 

Since  other  more  exothermic,  flames,  such  as  CH  -0  ,  may  be  the 
basis  of  better  flame  lasers,  a  sensitive  probe  technique  was  developed 
to  measure  optical  gain  in  CO  produces  in  these  flames.  The  develop¬ 
ment  of  the  technique,  the  laser-oscillation-range  technique,  required 
an  extremely- stable  single-line  single-mode  CO  laser.  After  some 
experimentation,  an  air-bag- suspended  steel  beam  was  used  to  hold  the 
mirror  mounts.  It  was  also  found  that  the  gaseous  laser  mixture  and 
electrical  discharge  power  must  be  carefully  adjusted  to  stabilize 
the  discharge.  After  stabilization  optimization,  optical  gain  (or 
loss)  as  small  as  about  0.01%  could  be  detected.  This  is  at  least 
a  three  order  of  magnitude  improvement  over  the  direct  gain-probe 
technique.  With  the  high  sensitivity  of  this  technique  and  due  to 
certain  realizations  about  the  inter-relation  of  gain  and  stimulated 
emission  processes,  it  was  decided  that,  for  the  first  time,  relative 
Einstein  Av  coefficients  could  be  experimentally  determined  for 
CO.  [An  explanation  of  the  derivation  of  the  coefficients  from  the 
optical  gain  measurements  on  a  number  of  vibration-rotation  transitions 
in  adjacent  bands  will  be  reported  in  the  Journal  of  Quantum  Electronic" 
and  in  the  Journal  of  Chemical  Physics.]  These  coefficients  are 
important  to  an  understanding  of  all  CO  lasers.  Their  measurements  are 
now  underway  and  wiil  be  continued  into  the  next  reporting  period. 
Following  that,  experiments  with  the  C2H2-02  flame  will  be  initiated. 

N„-CQ  Transfer  Laser 

In  an  effort  to  obtain  laser  oscillation  on  the  low  lying  funda¬ 
mental  bande  of  CO,  a  low  temperature  N  -CO  energy  transfer  devic  was 
built.  The  basic  idea  was  to  mix  vibrationally  hot  N„  with  ambient 
CO  co  achieve  an  even  higher  characteristic  temperature  in  CO  as  a 
result  of  its  lower  vibrational  frequency.  Low  temperature  was  used  to 
maximize  the  increase  in  the  characteristic  vibrational  temperature, 
as  well  as  to  promote  partial  inversion  at  the  relatively  low  inversion 
ratios  anticipated. 

A  fast- longitudinal- flow  apparatus  was  used  for  the  experiment. 

A  mixture  of  He  and  N2  passed  through  an  electrical  discharge  in  a 
sidearm  and  was  then  allowed  to  mix  with  cold  CO  before  entering  into 
the  main  tube.  The  entire  apparatus  was  cooled  to  77°K  at  the  wall. 

The  average  temperature  at  the  middle  of  the  tube  was  150°K;  the 
average  linear  flow  rate  was  80  msec-*.  The  laser  cavity  consisted  of 
a  totally  reflective  mirror  and  a  1/2  mm  hole  coupling  mirror. 

At  low  CO  to  N2  ratios,  cw  laser  oscillation  on  bands  as  low  as 
v  =  2  -*  v  =  1  was  obtained.  As  the  C0/N2  ratio  was  increased,  the 
higher  vibrational  transitions  in  the  output  spectrum  increased  at  the 
expense  of  the  lower  transitions.  Unexpectedly,  bands  as  high  as 
v  =  35  -*  v  =  34  were  observed  in  the  laser  output.  The  result  attests 
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to  the  very  slow  V-T  relaxation  rate  for  CO  even  in  those  high  vibra¬ 
tional  levels. 

The  spectrum  of  the  present  laser  ranges  from  4.8  n  to  8.0 
This  is  believed  to  be  the  widest  in  the  literature.  It  is  quite 
possible  that,  with  some  effort,  laser  oscillation  at  even  longer 
wavelengths  can  be  achieved  in  this  type  of  laser. 

A  paper  describing  these  experiments  is  included  later  in  this 
report. 

HF/DF  -  CO  Transfer  Studies 


A  series  of  experiments  have  been  performed  to  determine  whether 
vibrationally  excited  HF  (or  DF)  will  transfer  sufficient  energy  to 
CO  to  induce  lasing  or  to  enhance  the  output  of  a  CO  TEA  laser.  These 
experiments  were  unsuccessful,  but  it  has  been  observed  that  the 
addition  of  small  amounts  of  SFg  improve  the  performance  of  a  CO  TEA 
laser.  With  SFg,  the  laser  energy  was  increased  by  a  factor  of  3, 
the  wavelength  range  was  extended  to  higher  and  lower  transitions 
and  the  laser  could  be  operated  at  higher  pressures  of  CO. 

These  experiments,  which  are  continuing,  appear  to  suggest  an 
improved  electron  energy  coupling  to  CO  but  the  role  of  SF&  is  as 
yet  unknown. 


SHORT  PULSE  C0„  MOLECULAR  LASERS 

4m 

The  NRL  short  pulse  molecular  laser  program  under  ARPA  support 
was  initiated  during  the  first  half  of  FY  72.  Although  the  delay  in 
receiving  the  ARPA  funding  delayed  the  initiation  of  some  experiments 
which  required  large  expenditures,  progress  has  been  made  in  establish¬ 
ing  research  facilities  and  initiating  a  broad  range  of  experiments 
aimed  at  the  generation  and  understanding  of  short  pulse  phenomena  at 
10.6  microns. 

Two  complete  TEA  laser  facilities  have  been  established,  one  for 
saturable  absorber  studies  and  one  for  active  mode- locking  and  pulse¬ 
gating  experiments  when  the  electro- optic  components  can  be  acquired 
after  receipt  of  ARPA  funds.  Preliminary  experiments  on  saturation  in 
liquid  and  gas  ous  absorbers  at  C0„  wavelengths  have  been  done.  A  small 
scale  double-discharge  volumetric  TEA  device  was  built  and  tested  to 
evaluate  its  suitability  as  an  intermediate  stage  amplifier  device  when 
suitably  scaled.  In  the  area  of  electron  beam  machines,  a  small  scale 
cold  cathode  e-beam  ionizer- sustc-iner  device  was  constructed  and 
operated  to  investigate  this  alternative  to  the  hot  cathode  gun  as  a 
large  volume  short  pulse  amplifier. 


4 


Saturable  Absorbers 


The  need  for  saturable  absorbers  in  a  short-pulse  amplifier 
system  are  two- fold;  one  to  serve  as  interstage  isolators  to  prevent 
parasitic  oscillations  from  depleting  the  inversion  in  a  high  gain 
multi-stage  amplifier  system  and  second  as  a  mode- locking  medium  to 
circumvent  the  materials-damage  limits  of  available  IR  materials  and 
coatings.  The  broad  absorption  bands  and  wide  variety  of  liquids 
which  absorb  at  10.6  n  make  them  attractive  as  saturable  absorber 
candidates  and  experiments  during  thin  reporting  period  have  concen¬ 
trated  primarily  in  this  area. 


The  facility  used  for  these  investigations  is  shown  in  Fig.  5. 

A  wavelength  controlled  TEA  laser  emitting  200  millijoule,  200  nano¬ 
second  pulses  in  a  fundamantal  TEMo0q  mode  is  used  to  irradiate  a  liquid 
sample.  Power  density  at  the  sample  is  controlled  both  by  a  polarizer* 
stack  attenuator  and  translation  of  the  sample  along  the  focal  axis  of 
the  Ge  lens.  Transmitted  radiation  is  collected  by  an  integrating 
sphere  to  average  out  any  spatial  variations  in  the  beam  and  sampled 
by  a  Ge:Cu  photoconductor. 

A  variety  of  liquids  with  absorption  bands  at  CO.  wavelengths 
were  diiuted  in  the  cell  with  carbon  disulfide  as  the2solvent. 

Liquids  investigated  include:  Dimethyl  sulfide  (ClkjO)?  SO,  m-Difluoro- 
benzene  CgH^,  Acetyl  Bromide  CH3C0Br,  Trichloroethylene  CHC-t:C 
2-Propanal  CH3CHOH  CH3,  and  1-2  dichloroethane.  None  of  the  samples 
fc2  ^te  8ho"ed  evidence  of  saturation  up  to  a  power  density  of 
50  MW/ cm  where  other  effects  such  as  window  damage  and  gas  bubble 
formation  in  the  liquid  were  encountered. 

While  liquid  absorbers  will  continue  to  be  tested,  measurements 
are  beginning  on  gases  and  mixtures  of  gases.  While  liquids  tend  to 
aye  high  saturation  parameters  because  of  very  rapid  relaxation,  the 
relaxation  time  in  gases  can  be  controlled  over  a  wide  range  by 
controlling  the  pressure.  The  large  number  of  lasing  lines  in  C0~ 
indicate  that  no  one  gas  can  possibly  cover  all  the  CO,  even  when2 
broadened  at  high  pressures.  A  series  of  measurements  are  now  being 
performed  to  measure  the  absorption  and  saturation  characteristics  of 
gaseous  mixtures  as  a  function  of  the  C02  laser  wavelength. 

Mode  Locking 

A  complete  TEA  laser  system  is  operating  and  is  awaiting  arrival 
of  Ge  acoustic  cells  and  gallium  arsenide  electro-optic  Pockels  cells 
for  mode-locking  and  pulse-gating  experiments. 

In  addition  to  this  conventional  method  of  generating  short 
S+6v^  ,3+®°  rec°8nized  at  NRL  that  double-Raman-shifting  of 

Nd  YAG  “<>  tM3+:W03  laser  line.  In  a  high  pressure  H2  cell  would 
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shift  the  wavelength  into  the  lasing  bands  of  CO,.  Table  I  givea  sane 
of  the  possible  coincidences.  This  possibility  offers  a  very 
elegant  solution  to  the  generation  of  short  pulses  at  10.6  u  by 
circumventing  the  primitive  optical  shutter  technology  at  10  n  and 
by  using  an  already  developed,  highly  reliable  short-pulse  solid  state 
laser  system.  Experiments  '.o  Raman  shift  Nd^tYAG  pulses  are  now 
being  assembled  using  the  jhort-pulse  driver  of  the  large  glass- laser 
system. 

Double  Discharge  TEA  Amplifier 

An  0.3  liter  double  discharge  TEA  device  utilizing  glass  rods  as 
trigger  electrodes  was  built  and  tested.  Uniform  discharges  over  the 
entire  volume  was  achieved  for  C02  concentrations  as  high  as  10%  and 
energy  density  deposition  of  150  joules  per  liter  with  gains  in  excess 
of  2%  per  centimeter.  Repeatability  of  discharge  uniformity  and 
electrical  characteristics  was  very  good.  Based  on  these  results,  a 
one  meter  long  double-discharge  amplifier  with  a  variable  gap  spacing 
of  5  cm  and  7  cm  is  presently  being  designed  to  operate  as  a  3.5  liter 
Jr  a  5  liter  amplifier.  Energy  storage,  for  short  pulse  extraction,  of 
15  Joules  in  the  5  liter  configuration  is  expected. 

e-Beam  Amplifier 


The  possibility  of  replacing  the  hot-cathode  electron  gun  by  a 
plasma  cold-cathode  gun  as  the  ionizer  element  in  a  short  pulse  e-beam 
amplifier  is  very  atti active  both  from  the  standpoint  of  device 
simplicity  and  cost.  The  Inherent  short  "urnping  times  (~  1  usee)  due 
to  the  higher  current  densities  (1  -  10  amps/cm2)  oi  the  cold  cathode 
gun  makes  them  ideal  for  the  energy  storage  role  required  for  short 
pulse  amplification. 

A  cold  cathode  electron  gun,  Fig.  6,  consisting  of  a  single  razor 
blade  driven  by  a  300  kV  Marx  bank  was  constructed  to  illuminate  a 
cylindrical  sustalner-dischargc  volume  with  a  circular  cross-section  of 
75  cm  .  Uniform  discharges  in  C02  lasing  mixtures  have  been  achieved 
over  the  entire  volume.  Gain  measurements  are  being  made  on  the 
sustainer  discharge  simultaneously  with  electrical  measurements  on  the 
gun  to  determine  energy-storage  pumping-time  characteristics  of  a 
sustainer  driven  at  high  e-beam  current  densities.  These  measurements 
will  be  augmented  by  a  collaborative  effort  between  NRL,  Maxwell 
Laboratory  and  the  Institute  of  Fluid  Mechanics  at  Marseille,  to  perform 
laser  measurements  on  a  10  cm  x  100  cm  high  current  density  (1-10  amps/ 
cmz)  electron  gun- sustainer  device  being  built  by  Maxwell  Labs. 


Although  the  cold  cathode  e-gun  concept  offers  great  promise,  the 
e-beam  uniformity  and  therefore  sustainer  medium  uniformity  of  this 
device  has  yet  to  be  established.  To  complement  the  cold  cathode 
investigations,  a  RFQ  is  being  prepared  for  a  10  cm  x  100  cm  hot 
cathode  e-gun  in  anticipation  of  ARPA  funding. 
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HIGH  POWER  GLASS  LASER  PROGRAM 


At  the  beginning  of  the  reporting  period  the  major  constructional 
aspects  of  the  disc  laser  amplifier  were  completed.  Figure  7  shows 
the  capacitor  bank  and  Fig.  8  shows  the  disc  laser  head  itself  with 
the  top  reflector  and  the  lamps  on  top  removed. 

Testing  of  the  amplifier  with  input  pulses  of  high  enough 
intensity  to  achieve  the  design  output  intensity  has  not  been  possible 
in  this  reporting  period  for  a  number  of  reasons.  The  outputs  that 
were  achieved  were  750  joules  in  30  nsec  with  a  350  joule  input  pulse 
and  180  joules  in  a  200  picosecond  pulse  with  a  60  joule  input  pulse. 

Operating  the  VD640  laser  system  with  subnanosecond  pulses 
presented  a  larger  number  of  problems  than  anticipated.  These  problems 
fell  into  a  number  of  categories. 

^  Parasitic  Oscillation:  even  with  30  nsec  pulses  the  VD640 
was  only  marginally  stable  against  parasitics  and  extreme  care  with 
blackening  and  roughening  all  metal  surfaces  near  the  beam  was 
necessary  to  keep  the  amplifiers  from  oscillating.  For  subnanosecond 
pulses,  higher  gain  was  required  because  of  the  lower  input  signal  and 
an  additional  Fockel's  cell  shutter  had  to  be  designed  and  inserted 
between  the  first  and  second  amplifiers  to  suppress  oscillation. 

(2)  Electronic  Difficulties:  It  was  necessary  to  rebuild  the 
triggering  circuits  and  ’•ecable  the  capacitor  banks  to  achieve  a 
reasonable  degree  of  reliability. 

(3)  Laser  Heads:  Several  types  of  difficulties  made  themselves 
evident  when  the  system  was  operated  which  were  not  a  problem  with  the 
older  VD320  system.  The  French  have  changed  the  lamp  construction 
and  now  spot  weld  the  electrodes  to  the  tungsten  rod  using  a  sheet 
metal  collar.  This  method  of  construction  leads  to  failure  at  random 
times  0  -  2000  shots  and  essentially  defies  pre-testing. 

Because  of  the  low  damage  threshold  of  the  continuous  flow 
process  MG915,  the  French  supplied  Schott  LG-56  laser  rods.  This  is 
not  a  good  choice  since  LG-56  appears  to  have  two  problems  when  used 
in  the  VD640: 

(a)  the  laser  glass  ion  exchanges  with  the  potassium  chromate 

in  the  coolant  leading  to  yellow  precipitate  on  (and  into)  the  surface 
of  the  rods  which  blocks  the  pump  light; 

(b)  radial  cracks  (originating  at  the  surface)  develop  in  the 
larger  rods  over  a  few  hundred  of  shots  and  ultimately  lead  to  breakage 
and/or  obscuration  of  the  rod  aperture. 
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These  difficulties  were  not  ones  that  were  related  specifically  to 
subnanosecond  pulses  but  ones  which  would  have  caused  equal  problems  in 
operation  with  thirty-nanosecond  pulses.  With  subnanosecond  pulses, 
there  is  a  basic  problem  which  limits  a  VD640  with  LG56  or  MG915  to 
joules  in  a  250  psec  pulse.  With  short  pulses,  one  wishes  to  run 
all  amplifiers  under  conditions  where  the  self  focusing  length  is 
equally  long  compared  to  the  rod  length.  For  the  VD640  this  would 
imply  a  fourfold  gain  in  energy/stage.  Because  of  the  low  gain 
coefficient  of  LG56,  this  is  difficult  to  achieve  in  the  last  two 
stages  and  the  ■'.ntermediate  amplifiers  must  be  run  at  higher  than 
optimal  levels  to  achieve  outputs  greater  than  50-60  joules. 


The  Owens-Illinois  ED-2  would  seem  to  be  a  much  better  choice  for 
short-pulse  operation  because  of  the  higher  gain  coefficient.  This 
glass  will  give  the  necessary  gain  in  the  final  stages  to  allow  the 
primary  stages  to  be  run  more  conservatively.  It  also  appears  that 
shorter  (and  cheaper)  rods  could  be  used  in  the  first  three  stages. 

The  following  testing  sequences  have  been  run  with  the  NRL  disc 
amplifier  during  the  reporting  period: 

(1)  gain  measurements  with  30  nsec  pulses  up  to  ~  50%  pump 
energy  on  the  disc  using  the  VD640  at  up  to  350  joules  input  energy. 

An  output  of  750  joules  was  obtained  at  350  Joules  input  and  the  gain 
appeared  to  be  what  was  predicted  by  the  computer  p cogram. 

(2)  Gain  measurements  with  subnanosecond  pulses  up  to  60  joules 
input.  An  input  of  180  joules  was  obtained  at  =*50%  pump  energy.  Above 
this  level,  the  amplifier  train  was  not  stable. 

(3)  During  both  sequences,  the  level  of  operation  was  limited  by 
oscillation  of  the  French  amplifier  train.  To  circumvent  this  problem 
a  Chromatix  Nd:YA-tG  laser  was  used  for  a  set  of  gain  measurements  with 
~100  nsec  q- switched  pulses  to  examine  the  gain  of  the  system  as  a 
function  of  pump  energy.  The  gain  was  found  to  follow  the  predictions 
of  the  calculations  up  to  ~50%  of  the  pump  energy  and  reached  a  hard 
limit  above  that  point.  A  sequence  of  experiments  was  performed  which 
determined  that  the  problem  was  parasitic  oscillation  of  the  discs  on 

a  disc  by  disc  basis.  This  showed  that  the  black  anodized  copper  bands 
used  around  the  discs  were  not  sufficient  to  prevent  oscillation  at 
the  design  levels. 

Two  approaches  are  being  followed  to  find  a  workable  solution  to 
this  problem.  Owens-Illinois  is  synthesizing  black  edge  coatings  for 
the  discs  and  the  ZAP  code  is  being  modified  to  treat  super fluorescence 
and  parasitic  oscillation  problems. 
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OtJTPUT  UiRfTOft 


DISTANCE  DOWNSTREAM  OF  NOZZLE  EXIT  PLANE  (cm) 

Fig.  2  -  Intracavity  radiation  intensity  and  integrated  power 
output  as  a  function  of  cavity  length 
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INTEGRATED  POWER  OUTPUT  (kw ) 


TEMPERATURE  (°K) 


DISTANCE  DOWNSTREAM  OF  NOZZLE  EXIT  PLANE  (cm) 

Fig.  3  -  Cavity  temperature  and  pressure  as  a  function  of 
distance  from  the  nozzle  exit  plane 
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PRESSURE  (Torr) 


MACH  NUMBER 


DISTANCE  DOWNSTREAM  OF  NOZZLE  EXIT  PLANE  (cm) 


Fig.  4  -  Flow  Mach  number  as  a  function  of  distance 
from  the  nozzle  exit  plane 
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Fig.  6  -  Schemaitc  diagram  of  cold-cathode  electron  gun 
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CHARACTERISTICS  OF  A  CW  CO  LASER 
resulting  from  a  cs2-o2  ADDITIVE  FLAME* 

S.K.  Searles  and  N.  Djeu 

NajTr  Phy®1fSuBranch>  °Ptlc«l  Sciences  Division 
Naval  Research  Laboratory,  Washington,  D.C.  20390,  USA 

The  use  of  a  ribbon  burner  resulted  in  a  inn  fni a  i 
enhancement  from  a  CSo-Oo  free  burn*™  *i  fold  laser  P^er 

N,0f  CO.  C0o.  N„  sn_2  1a  un  ^ur?ln8  flame-  The  effect  of  He,  SF, 
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N„n  cn  nn  XT  L  2  name.  The  effect  o 

:is  SLr  ^rr/jr  r-r;  o*:  ^ 

rates  of  3.9  Ho  nnH  7  t  °2>  and  N2°  at  flow 

i  A.y,  nu,  ^  7.6  millimoles/ sec,  respectively. 


A  flame  laser  is  an  example  of  a  purely  chemical  laser  On  ^ 
ba.U  of  a  simple  mcdel  Its  existence  Sas  predlcSd  In  SS'b. 

Bleekrode  and  Nleuwnnnrc  Ml  a-  ,  k  “  ea  in  oy 

luminescence  from  a  CS-j  0o  *N  f i  *  rCS“lt:  of  a  study  of  the  chemi- 
that  this  system  appealed  to  be  a  m’l  Kimbe11  (2I  reported 

of  laser  oscillation  iTa  free  burnW^^V"  the1  ach dement 

m.°nerV‘f  ^  P1U°f£  “  *U  ln  a  PTee^burnlng  £j*" 
purely  cLlcal  U.Z.YZ 

di£fe--“  St  t^o”  . 

toward  the  burner  tauSTnlS  "mlT^dltl"8;!  ”'“t  be  tranaP°rta4 
N0-F2-D2-C02  system.  *  1  condition  does  n°t  apply  to  the 

because  %Z  Z  iZZtZZTZZV*11 

compact  burner £°  r<!POrt  ah“a««‘stlc.  based  on’a  more 

;dr  £““■= r 

hole  and  an  oxyge/Sjecto^LJe  y38  lnJeCtor 

injector  area  were  30.5  cm  by  0  79  L  £  “flu,™*  d?ens1;0™  of  the 
screen  was  placed  over  the  ton  ^  eighty  mesh  stainless  steel 

of  the  burner  I  l  h  burner  and  attached  to  the  sides 

was  abo  3™  S*  £istance  betweei‘  the  screen  and  the  injector  area 

talde  a  4  ftdl»:terT5  Yt'l’ZZ*  °"  a.  tranalatloa  “tage  which  was 

mechanical  pump.  For  safety  re^on^  Th  chamber  connected  to  a  300  CFM 
**  p  sarety  reasons  the  pump  was  operated  at  full 

^XkNr%67POrted  by  the  AdV““d  Re“arch  P™Ja«a  **•“*» 
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ballast.  Also,  about  50  CFM  of  compressed  air  was  injected  into  the 
pump  on  its  atmospheric  side. 

The  vacuum  chamber  was  fitted  with  NaCl  Brewster  angle  windows. 

For  most  of  the  experiments,  the  optical  cavity  consisted  of  a  4  m 
radius  of  curvature  maximal  reflectivity  dielectric  mirror  and  a  gold 
coated  flat  with  a  1  mm  diameter  coupling  hole.  Laser  output  was 
measured  with  an  Eppley  thorompile  up  to  200  mW  and  with  a  Coherent 
Radiation  powermeter  for  higher  power  levels. 

It  is  interesting  to  consider  the  general  properties  of  the  burner 
and  the  flame.  Fig.  1  shows  a  photograph  of  the  flame.  Combustion 
appears  to  take  place  primarily  in  a  jet  of  gas  above  the  burner.  Some 
combustion  occurs  at  the  sides  of  the  burner  due  to  the  use  nf  the 
screen,  which  forms  a  hemicylindrical  surface  over  the  burner.  In  the 
absence  of  this  screen,  a  stable  flame  could  not  be  achieved.  Its 
effects  are  to  partially  premix  the  fuel  and  the  oxygen,  to  introduce 
turbulence,  and,  of  course,  to  spread  out  the  flame. 


Fig.  1.  A  one  second  exposure  photograph  of  the  CS2-09  flame  with 
(CS2)  -1.8  and  (O2)  =  57  millimoles/sec.  The  circle  Behind  the  flame 
resulted  from  the  lucite  Brewster  cup.  Pressure  «  15torr. 
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If  we  assume  that  all  of  the  gas  passing  through  the  screen  flows 
through  a  cross-sectional  area  of  30  cm2,  the  gas  velocity  In  the  X 
Erection  on  fig.  1  Is  typically  «30  m/cec.  This  compares  with 
*1.5  m/sec  reported  previously  on  a  different  burner  [3],  (Please  note 
that  there  is  a  typographical  error  in  [3]  and  that  1.5  m/sec  Is  the 
correct  value.)  From  the  equation  [5]  Su  -  U  sin  a,  where  Su  Is  the 
burning  velocity  normal  to  the  flame  front,  U  is  the  cold  gas  velocity, 
and  a  is  the  angle  between  the  flame  front  and  the  X  direction,  S  is 
w  2  m/ sec.  The  angle  a  was  determined  from  fig.  1  with  the  assumption 
that  the  angle  across  the  visible  cone  equalled  the  angle  across  the 
flame  front.  Although  the  present  calculation  of  Su  gives  only  an 
approximate  value  of  Su,  clearly  the  Su  of  the  CS2-02  flame  Is  high 
compared  to  oilier  fuel  -  02  flames. 

The  processes  occurring  In  the  flame  which  are  reported  here  may 
be  different  from  the  other  flame  studies  since  wall  reactions  other 
than  on  the  burner  are  unimportant  in  the  present  apparatus.  A  possible 
mechanism  for  the  flame  propagation  involves  the  reactions. 


CS2  +  0  -  CS  +  so. 

(1) 

SO  +  02  -  S02  +  0, 

(2) 

CS  +  0  -  CO  +  s, 

(3) 

CS  +  02  -  CO  +  so. 

(4) 

S  +  02  -  so  +  0. 

(5) 

The  results  of  Homann  et  al.  [6]  and  Sarkisyan  et  al.  [7]  on  the 
flame  reactions  indicate  that  the  actual  mechanism  is  more  complex.  For 
example,  Homann  et  al.  [6]  have  identified  the  intermediate  species:  0, 
S,  CS,  SO,  COS,  S20,  S202,  and  S2-Sg.  A  mass  spectrometrlc  analysis 
of  the  stable  end  products  from  the  CS2-02  flame  revealed  the  following 
species  and  relative  concentrations:  TS^  <  0.1;  02,  60;  S02,  4;  CO,  1; 
and  C02,  1.  The  significance  of  the  C02  formation  to  laser  oscillation 
depends  on  whether  the  reaction  to  laser  oscillation  depends  on  whether 
the  reaction  yielding  CO2  occurs  in  the  propagation  zone  or  in  the 
termination  zone  of  the  flame.  Additional  information  on  reactions  (1)- 
(5)  and  other  reactions  which  may  occur  in  flame  can  be  found  in 
ref.  [8-10]  and  references  cited  therein. 

In  the  flame,  laser  power  as  a  function  of  burner-optical  axis 
distance  and  as  a  function  of  the  flow  rates  of  CS2,  02,  and  additive 
gases  was  measured.  Fig.  2  shows  a  plot  of  normalized  output  intensity 
versus  the  CS2  flow  rate.  On  this  plot,  a  constant  chemical  efficiency 
would  be  a  straight  line  parallel  to  the  (CS2)  axis.  At  each  point  (02) 
was  adjusted  for  maximum  power.  Table  1  gives  some  specific  data  for 
the  output  dependence  on  (CS2)  from  1.6  -  2.3  millimoles/ sec.  Within 
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Fig.  2.  Normalized  laser  power  versus  (CS_).  Burner  to  optical 
path  distance  on  the  X  axis  is  1.1  cm. 


the  limits  of  experimental  error,  the  (02)/(CS2)  ratio  was  a  constant, 
with  a  value  of  34  ±4.  The  effect  of  a  three  fold  increase  in  (CS2) 
under  these  conditions  is  to  increase  the  chemical  efficiency  about 
thirty  fold. 

The  intensities  plotted  on  fig.  2  were  obtained  at  x  *  1.1  cm  and 
Y  «  0  cm  (the  origin  being  at  the  center  of  the  burner  top) .  By 
translation  in  the  X  direction,  it  was  found  that  peak  performance 
occurred  ai  1.1  cm.  Power  generally  dropped  by  a  factor  of  two  for 
X  =  0.6  cm  and  2.0  cm.  This  laser  power  dependence  on  X  was  essentially 
pressure  independent.  These  results  were  obtained  by  moving  a  vertical 
translation  stage  onto  which  the  burner  was  mounted.  With  the  use  of 
a  reference  position  it  was  verified  that  the  power  at  any  point  did 
not  change  more  than  ±107o  during  the  course  of  a  scan.  In  the  Y  direc¬ 
tion  a  single  experiment  was  carried  out  to  estimate  diffraction  losses. 
At  X  =  1.1  cm  and  (CS2)  =2.1  millimoles/ sec,  laser  intensity  was 
measured  for  Y  =  0.  The  angular  orientation  devices  were  then  moved 
0.3  cm  off  center  (Y  =  0.3  cm)  and  the  cavity  was  realigned.  The  laser 
intensity  was  about  307.  lower. 

One  feature  of  the  flame  laser  is  the  requirement  of  a  large  excess 
of  O,  in  order  to  optimize  the  laser  power.  If  this  excess  is  reduced, 
the  laser  power  falls  sharply.  For  example,  in  a  particular  experiment 
with  (CS^)  =  1.6  millimoles/ see,  a  change  of  (O2)  from  64  millimoles/ sec 
to  57  millimoles/ sec  lowered  the  power  from  an  optimal  19  mW  to  11  mW. 
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*  Use  of  a  narrow  band  pass  filter  which  transmitted  5.2  -  5.4  p  raalatlon  showed 
that  only  CO  was  responsible  for  laser  transitions. 


VTu®!:  °J  P°?8ible  reasons  for  the  excess  oxygen  require¬ 
ment.  One  is  that  the  flame  temperature  is  reduced.  If  this  were  the 

only  effect,  addition  of  an  inert  diluent  such  as  He  could  replace  much 
of  the  oxygen.  Table  1  tabulates  the  effect  of  He  and  other  additives. 

fxperiment8  the  laser  power  was  first  measured  at  the  optimum 
(CS2)/(02)  ratio.  The  additive  was  next  added  to  the  oxygen.  In  our 
system  this  also  reduced  the  (02).  Once  the  power  was  maximized  with 
the  additivq  oxygen  and  additive  were  alternately  adjusted  until  a  peak 
power  was  reached.  The  additive  was  then  shut  off  and  (02)  was 
readjusted  and  the  laser  power  remeasured.  These  experiments  were  all 
carried  out  at  X  -  1.1  cm,  since  it  was  found  that  the  additive  did  not 
shift  position  for  the  peak  power.  The  effect  of  He  on  the  flame  was 
detrimental  to  the  laser  power.  At  higher  flow  rates,  »  80  millimoles/ 
sec  the  flame  was  blown  off  the  burner.  The  He  additive  experiment 
suggests  that  an  important  role  of  the  excess  oxygen  is  to  affect  the 
rates  of  the  chemical  reactions  propagating  the  flame  by  increasing  the 
0,  concentration.  To  check  this  interpretation  SF,  was  added  to  the 
flame  and  a  90%  laser  power  increase  resulted  at  (SF6)  -  3.3  millimoles/ 
sec.  At  (SFg)  “  3,6  and  (02)  ±  50  millimoles/ sec,  the  laser  power 
dropped  back  to  the  original  intensity.  This  further  indicates  that  the 
excess  oxygen  cannot  be  replaced  substantially  by  an  inert  additive 
which  functions  only  as  a  heat  sink. 
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flam s  1  SPare8rthe  effect  of  added  n2°>  CO,  C02  and  N,  on  the 

f lflme  to  the  effect  of  these  additives  on  the  discharge  sustained  CS,- 

u2  UJ-J.  The  comparison  shows  that  the  addition  of  CO  is  similar  in 
both  types  of  lasers  -  an  addition  of  CO  such  that  (0,)/(C0)  «4 

f°ld  P^er  increase*  ^  addition  of  N?0  and  CO,  was 
more  beneficial  to  the  flame  than  to  the  discharge  sultained  llser. 

This  may  be  due  to  a  higher  temperature  leading  to  faster  V-V  rates. 

In  both  systems  nitrogen  does  little  to  enhance  laser  power. 

1116  ®ff®at  °f  S°2  0n  the  flame  was  examined  to  determine  if  ar 

"  f°2  concentration  downstream  from  the  burner  was  responsible 
for  the  termination  of  laser  oscillation.  Because  cf  the  low  vapor 

add8the6SOf  \lqUid  S°2  ln  the  lecture  bottle,  it  was  necessary  to 
Und^  th  2  !,hOWer  Pressure  flama  than  in  the  other  experiments. 

L  i ^  c°ndibions  a  maximum  of  1.0  millimoles/ sec  of  SO,  could 

the^thPr'  ‘  f118  yl6lded  a  100%  pOWer  Tnerease.  ^Unlike 

n  if  !  add^tlve  exPeriments  the  (SO  )  which  gave  peak  performance 
could  not  be  determined.)  The  effect  If  SO,  may  be  to  cause  V-V 
transfer  from  CO  to  the  S02(200)  overtone  at  2305  cm’1.  The  SO,  result 
and  our  interpretation  contrasts  to  the  report  [7]  that  SO,  inhabits 
the  combustion  of  CS2  by  removal  of  0  atoms  and  SO  radicals. 

Recently  a  series  of  flash  photolysis  experiments  were  carried  out 

SSo  to  a  0  iK  °2’  “W1*1*  The  a«ect  of  a  small  amount  of 
??2  *°  *  ^"??,miXt“rertWa8  found  to  reduce  la8er  Intensity.  In  the 
flame  the  addition  of  N02,  as  given  in  table  1,  extinguished  the  flame. 
The  occurrence  of  the  reaction 


with  K  =  1  x  1013  exp(-580/RT)  [10],  is  probably  responsible. 

slon^Ti***  U8"°5  tW°  differant  hola  coupling  mirrors,  the  small 
1  S  i  8ain  coefficient  was  estimated.  The  total  cavity  loss  with  the 

InThe' A  mnT<£  Wa®  ®8timated  to  be  n>  “d  the  2  mm-hole  mirror  13%. 

.  “  CS2_02  fla“e  there  wa®  no  laser  oscillation  with  the  2  nm-hole 

mirror  and  a  stable  output  with  the  1  mm-hole  mirror.  Therefore  the 

neiehborf  f  ^  fiy8*1^*01  the  flame  no  additives  should  be  in  the 

Vn  1°/°'  corre8P°ndin8  linear  gain  coefficient  would 

conventlon°f /??*  ^if*  Tf1®  Valu®  18  t0  b®  comPared  to  0.1-0.5/m  for  a 
Mmtlonal  discharge  a8®r  runnin8  °n  CO,  air  and  He  with  liquid 
nitrogen  cooling  [13],  H 

Finally  an  experiment  was  performed  to  achieve  high  power.  The 
combustion  °f  3.9  millimoles/ sec  CS2  in  110  millimoles/sec  0,  ^d  7?6- 

th^hiBh68^800  Nz°  8re?°*i  ^  laser  inten8ity-  This  may  be  compared  to 
the  highest  powers  obtained  from  thr,  discharge  sustained  CS,-0,  systems 

by  normalizing  power  by  the  CS2  flow  rate.  On  this  basis,  the2flLe 


K 

0  +  N0_  -*  NO  +  0_, 
c  2* 


(6) 
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power  is  only  a  factor  of  2  lower  than  that  reported  in  ref.  [14]  and 
a  factor  of  6  lower  than  that  reported  in  ref.  [11]. 

The  authors  wish  to  thank  Dr.  F.  Saalfeld  for  performing  the  mass 
spectrometric  analysis  of  the  stable  flame  products. 
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APPENDIX  B 


ENERGY  EXCHANGE  PROCESSES 
IN  A  LOW  TEMPERATURE  N^-CO  TRANSFER  LASER* 

N.  Djeu 

Naval  Research  Laboratory 
Washington,  D.C.  20390 

ABSTRACT 

A  liquid-nitrogen-cooled,  active-N»-pumped  CO  laser  has  produced 
cw  oscillation  from  v  =  2  -*  v  =  1  (4.8  /am)  to  v  =  35  -*  v  *  34  (8.0  /im) . 
An  analysis  of  the  output  spectrum  gives  the  V-T  relaxation  rate  of 
CO  (v  30)  by  He  at  150°K  as  2  x  10^  sec"*-  torr"l. 


Laser  oscillation  has  been  achieved  by  mixing  electrically 
excited  N^  with  CO  in  a  fast-flow,  liquid-nitrogen-cooled  apparatus. 

The  observed  spectrum  of  laser  transitions,  ranging  from  v  =  2  -  v  *  1 
to  v  =  35  -*  v  =  34,  extends  significantly  the  number  of  bands  obtainable 
in  similar  devices  operated  at  room  temperature. (1* 2)  The  character¬ 
istics  of  this  laser  can  be  adequately  explained  on  the  basis  of  the 
existing  theories  on  V-V  exchange  probabilities^, 4)  an(j  vibrational 
distribution  functions.  ^,6)  An  anaiy8j[8  Qf  the  dependence  of  the 
output  spectral  content  on  CO  partial  pressure  shows  that  as  much  as 
27.  of  all  the  CO  molecules  can  be  present  in  each  vibrational  level  up 
to  v  »  25.  Thus,  mixing  active  N2  with  CO  at  low  temperatures  seems 
to  be  an  excellent  way  of  preparing  large  concentrations  of  CO  in  very 
high  vibrational  levels. 

The  apparatus  for  the  experiment  is  of  all  glass  construction  and 
is  shown  schematically  in  Fig.  1.  Both  the  main  tube  and  the  side  arm 
have  2.22  cm  I.D.  The  linear  flow  speed  under  typical  operating 
conditions  is  65  m  sec“l  at  the  position  marked  0  and  92  m  sec")-  at  Q. 
The  mixture  of  pre-cooled  He  and  N2  is  passed  through  a  20  cm  D.C.  glow 
discharge  maintained  at  50  mA,  and  CO  is  injected  into  the  stream  at  0. 

A  50  cm  interaction  region  is  provided  for  the  build-up  of  CO  v.'b  ation- 
al  level  populations.  The  main  tube  is  1  m  long  and  has  NaC£  Br<  .sters 
angl“  windows.  All  three  cooling  jackets  are  filled  with  liquid  nitro¬ 
gen.  A  totally  reflecting  4  m  radius  of  curvature  mirror  is  used  with 
either  a  1/2  mm  hole  coupling  or  a  1  mm  hole  coupling  output  mirror. 

The  output  is  modulated  by  a  chopper  wheel  and  sent  through  aim 
monochromator  into  a  gold  doped  germanium  detector. 


*  This  work  was  supported  by  the  Advanced  Research  Projects  Agency 
under  ARPA  Order  2062. 
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j;.  ^  :jjiicaihru"  wi;h  the  1  -  ^ 

and  N2  used  were  3.5  torr  and  2  5  t-nrr  ’  1116  partial  pressures  of  He 

He  was  essential  to  the laZt'lZZL' respectivaly-  The  presence  of 
reduced  the  role  of  wal  i  ja  P  °rniance,  probably  because  it 
cules  and  excited  mole- 

tore  In  ,he  Lbe  waS  mealS  °f  ““  "edl'”-  The  «„pera- 

118°K  at  Q.  The  .thermocouple  to  be  173°K  at  P  end 

the  axial  variations  due  to  the  1  u  *®8u]-t8  is  80mewilat  hindered  by 

Nevertheless,  we  tat  u'p^g^  “ttit^ 

rate  by  He  for  certain  hl8h-lyl„P80ttbr“t^ri:v:u.V'T  rel"“tl0" 

on  CO  PartlairpMfe“ercIn°bet!lnderstMdSa8CfriT  “*  P0Wer  dependence 
CO  partial  pressure  there  are  not  enonoh  follows.  At  the  lowest 

for  the  gain  to  exceed  threshold  for  the  r^lT^®8  in  V  =  2  and  V  >  12 
slightly  elevated  pressures  the  h7Z  plated  transitions.  At 

v  -  2  -  V  -  1  begl!:  to  oeclllaJe  ^J1  “t”** ub<mds  “  "U  « 
Increases  almost  linearly  with  CO  oart^l  8l”'  the  p<,wer  output 
small  , mount  of  CO  Initially i. “  ? “"1*1,pre,ssure.  Indicating  that  the 
PCO  “  10  »  torr  CO  deact^aLon  o  h“  ‘T  ',8  "a2  noticeably.  Above 
relaxation  begins  to  drain  tie  e^rg^toredTN  eC‘y  ^  "J 
band  to  disappear  and  the  power  outnut  tn  1  N2.  causing  the  2-1 
with  CO  partial  pressure  Ve  r>»ZT  *  increase  less  than  linearly 
the  rate  of  deactivation* of  the^nixtu^iT*  °UtpUt  ls  reached  when 
the  CO  distribution  becomes  absorbing  hef  8°  great  that  a  Portion  of 
increase  the  CO  pressurHurtEer £*  ^  at  Q*  Aa  we 

to  disappear.  Since  the  high  vibrations?  i*  °scillatln8  bands  begin 
by  near  resonant  collisions 80f  1  are  P°Pulated  mainly 

highest  levels  cannot  be ti  ^  them'  the 

relaxed  in  a  time  comparable  to  l^l^To  £  X5»d. 

cons  Je/thf  £igh  wavelfngrt  cutoff  7™  quaf  itatively>  we  shall 
computations  of  ref  (6)  have  ahnun  p?  80me  detail.  The  numerical 
the  Treanor  distribution  out  to  iT  7<  th®  Vlbratlonal  lavels  follow 
collisions  dominate^  the  e  D  Jl!  f™’  lf  near  ~a°nant 

until  V-T  relaxation  becomes  Lnort^  nearly  c‘*natant 

drops  off  sharply.  Assuming  that  Juch  a  diSr?SuMlnt^theKP°PU:ati0n 
to  as  the  modified  Treanor  distribu  on}  *8tributi°n  <to  be  referred 
experiment,  we  can  write  for  the  levt 1  l  + i appropriate  for  the  present 
the  following  steady  state  rate  equation: <7)  drop’off  begins 

0  ■  - 2  \  (*  K:t\  k  +  K:T,U  Vi 


+  pv^r1 , 

v-2,v-3 


N  „  + 
v-2 


RN 


v+1* 


(1) 
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collision  fi!  V'T  relaxatlon  raee  £or  »vfl,  z  Is  the  O0-C0  gas  kinetic 
collision  frequency  per  unit  concentration,  and  the  P's  are  V-V 

“1r8:/r0bfiiitoi!S*  F°r  thC  high^  i?vels  under  consideration,  an 
thri*  Shartta‘Brau  theory (4, 8)  shows  that  the  first  two  or 

very  raoidlv111^6?  in.eq*  (1)  are  rou8hly  unity;  then  they  diminish 
rill  8  therefore  Possible  to  calculate  the  V-T  relaxation 

be  de?e™?n  ^%COnCe?trfti0nS  °f  the  levela‘  But  the  distribution  can 
rnLh  d  fr°?  he, l0WeSt  laslng  band,  provided  that  there  is  not 

much  axial  variation  along  the  flow,  and  that  the  levels  above  the 

The^  Sre  PUmped  Primarily  by  ^ar  resonant  (,0-C0  collisions. 

These  conditions  are  met,  as  will  be  shown  later,  for  p„„  -  10  m  torr 

SVlT/f  '“Si*  bSnd  “  PC0  "  10  m  torr  is  v  -'3  -  VPS°2,  ImpTying 

Usin/Jh”2  'a4»  JV*1®  P°lnt  Wh6re  the  distribution  is  fully  developed. 
Using  the  modified  Treanor  distribution,  then,  one  calculates  a 

pressure  of  0.2  m  torr  for  CO  molecules  in  v  -  25.  The  sharp  drop-off 

xC1038sec-lW  ITS*  hi8ber  UP  Wh6re  Nv/Nv+1  >  2‘  Using  ZNV  l  1.7 
c  >  VNv+l  “  2>  and  the  first  three  terms  only  in  the 
parenthesis  i^  eq._jl),  one  readily  estimates  a  V-T  relaxation  rate 

150°K  A  °  fCC  /°r*C0  (V  “■  30)  at  an  average  temperature  of 

Is  sLtioO  sec"l.°  r  "en“'  the  radl*tiVe  Ufeti”e  CO  (V  -30) 

It  1.  now  necessary  to  show  that  for  a  CO  partial  pressure  of 
10  m  torr  the  higher  vibrational  levels  are  pumped  by  CO-  CO  near 

SITSiS S-f?18  F°r  thlS  purpose^  we  need  to  reconstruct 

tfib?ti011,  IhiB  C£n  be  d°ne  by  n°ting  that  the  00  (v  -s  v  -  l) 

SlU  12  u  resonance  with  the  N2(v  +  6  -  v  +  5)  transition.  We 

uce  a  characteristic  N2  vibrational  temperature-  of  0i*  ■  1500°K 
It  follows  that  N,(v)  has  a  pre.sure  of  lesa  thL  0.2  m  tor"1  for  »T, 
o  estimate  the  relative  importance  of  the  various  kinds  of  collisions, 
e  have  calculated  the  V-V  exchange  probabilities  due  to  long  range 
forces  from  the  Sharma-Brau  theory. (°)  They  are  P(C0v  “*  v+1  n.v  "*  v#-l\ 

“fo  T  I0_150OK(Vfl)  ^  C°V  "  ‘  “  1  *  ^  v  W)  ' 

f® ?  *5?  K’  provided  the  probabilities  are  less  than  unity.  The^ 

Thl  L  f5  3  C°nStant  Value  of  one  for  sufficiently  high  v  and  v'. 
in  rlf  m*"8!  cont*ibution  to  the  exchange  probabilities  can  be  found 
", ®5*  the  “agnitude  of  the  various  exchange  probabilities 

JibrflMnn2!31!1  ?  distributions  it  is  readily  seen  that  the  high  CO 
vibrat  conal  levels  are  indeed  primarily  populated  by  C0-C0  near 
resonant  collisions. 

o™*  experimental  data  compiled  by  Millikan  aad  Whited)  show  that 

mLn??  A  fe  deact5vati°n  °f  CO  (v-1)  by  He  is  ..bout  three  orders  of 

r  aS  by  C0-  Because  of  the  Similarity  between 

n2  and  CO,  one  can  assume  that  the  deactivation  of  CO  (v  -  30)  in  the 

JSveTth6 18  primarily  by  He.  Then  our  experimental  result 
?  v  ?n3  -1  relaxation  rate  of  CO  (v  -  30)  by  He  at  150°K  as 

a  5  T  relax  have  recently  measured 

a  V  T  relaxation  rate  of  CO  (v  =  1)  by  He  at  150°K  of  0.1  sec-1  torr-1. 
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,  4  4  34  haVe  be’'n  observed  to  oscillate.  We  have  seen  that  Ha 

is  needed  to  cool  the  eas  mlvt-in-a  k..«-  a*,  j  .  ve  seen  tnat  He 

deactivation  of  CO  vibrational  “eve^s  Jherefire  for  the 

couu  b.  f„UDd  to  reduce  the 

«;r;r  - 

exciting  oni  Very  the  dl»»°elatl(,„  limit  Is  an 


of  m?1'  aUth°f  18  in<iebted  to  Dr.  William  Wstt  for  a  critical  readlna 

U  Miller  andrmillkan?U  “  h""81”8  “  “•  the  re°ce«  “r”£ 
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Fig.  1  -  Schematic  of  experimental  apparatus 
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CO  PRESSURE  IN  TORR 

Fig.  3  -  Range  of  laser  transitions  as  a  function  of  CO  partial  pressure.  For 
each  band,  several  P  branch  transitions  around  P  (10)  were  observed. 


